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(54) IMPROVEMENT IN MEDICAMENT ADMINISTRATION SYSTEM 

(57) A drug preparation to be administered by a 
medicament administration device, which can maintain 
high stability of a physiologically active substance. In 
preparineL^pharmaceutical preparations for mucosal 
applicatio/^j^ preparation to 

be ihJ^gtf^^ an ultrasonic neb- 

ulizer, a constant tste grayer, or a powder inhaler, the 
adoption of the step of contact with liposome or lipid 
microspheres in an aqueous medium enables a physio- 
logically active substance to be highly stabilized. 
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Technical Field 
[0001] 



to 



[0001] The present invention relates to a kit fhr ^ ■ 
prises a preparation of a biologically active substancS"" 9 3 pharmaceutical formulation and the like which r*m 
rations being used for production of a ^rnSSS f a , preparation containing a liposome or the like 21^, 
device that disperses the ? * Mste ^ * a ^^ni^SSSSn 

•og.cally active substance wi«7a liposome omSTS" ' ^ production being conducted by contactZ fhl 
^--bslance by contacting^ a method for «**££?Sl^ 

process for the production of a PhanmSSS?^ in « aqueous mediuSe 

-td.spersesthebiologica.iyac.vesubstanceintheSS 
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^^TL^^^^^ active substances such as peptides pro 

Pharr™ eutica, activity and high stab^y „ ££££S2b ^^T™ M ** lh ' S PUrpose ^%££ 
are erther decomposed by digestive enzymes oJ^^JS^ ' Substances administered by the oral route 
toon g,ves pain to patients. Accordingly admS on tff^ administrati °" of the substances by in°£ 

patients' physical pain and contributes to theTc^^n*, US membrane is Preferred because it minimizes a 
substances. 65 <he ,ncrease Pharmaceutical activity and stability of the biologT^aSve 

Ses, P^SZ^ P-ns. nucleic acids, etc.. more specify 

tered via mucous membrane in the ^^JS^S^ST °' *** bi0, ° 9iCa ' aCt ' Vities ^en SminL"' 
Jjjjon device such as a nebulizer, and therefore JSn £2? V' T*""* b/ ,he USe ° f a medicament adm™n 
10004] m this situation, various devices and Weasta^h? ^ ^ ° ann0t be obtained 
a* Peptides, proteins, and nucleic acids, etc. Zy futly 5^E£ST ^ *"* H 0 **** *<*ve substances such 
tacting , biologically active substances with aTposome ? 2£2 ) . S ' //7tera//a ' a formu, ati°n prepared by con 

inS 19 ?o 0 JaPaneSe Pat6nt PM ™«°" (^^aXQ^^o^^^^ t9rt PUb,iCat, '° n (n0t No. 
•ned) No. 8283*1992 discloses an attempt for prolonqtt ion of S ^ } ^P*™™ Paten * Publication (not exam- 
active substances by the use of charged lipids SSit^r^ ^ dUrat '° n * peptidic or proteinic biologically 
duL^K 031,0,1 ^ eXamined) No ^97/ P 19 96 dsc ^^ 

ducted by contacting IL-2 with liposome or the like in an Lul c !5 ^ ,,p,d Spheres P re P ara «on may be con- 
rdation between the type of the preparer! TJT^So'SSS ^ZZZ*™' " T d,SC, ° SeS that there is no 
Thus the above-noted publications neither disclose nor suTS i^t > thepreserva t.on rate of IL-2 is increased, 
proteins, nucleic acids, and the like, which hrtherto?avTnoSS« h , ?'^ y aCtiVS substan ^ such as peptides 
due »o their characteristic-.iabili^ 

the substances in the form of a formu.ationTo be a^S^T^l * ^"'^ by 



Disclosure of Invention 
[0005] 



45 



so 



Sable 2 S^^pt^S^^^ ^ ^ - *** - - invention is to pro.de a 
substance which is to be administered ^ h f With respect «° a biologically act* 

such as. in particular, a jet nebulizer. an ^S^^r <hat diSperS6S the substance in th e air. 
dev.ce causing a decrease of the stability ^tSJub^Tf^nT^ *** '"^ 3 powder inhaler - "id 
vide the pharmaceutical formulation su bstance. to prov.de a method for the production thereof; and to pro- 

ceS, ~d f studies, that when preparing a pharma- 

active substance could be attained by adopting 'he ^sTep o f'contJS ?^ ^ h '' 9h ***** of a biologically 

[0007] Thus, the present invention prides SSf 9 ,, With ,iP ° S ° meS ° r microspheres 

wn.ch comprises a preparation of a bioloaicallv «r«Jl . 9 P narmaceu «'cal formulation for a human or animal, 

spheres, which preparations are used for production o1 Si Sf " pre P aration containing liposomes or micro- 

cament administration device that dispeS Se bio,« 

^urtedby^cunothebiol ogica.lyactive suSJa^S^.^™ <he ^ production b ^n 9 
[0008] According , G » he preferred embod i m en t on he J m S ^ T ,C ~ SPhereS " an aC ' ueous "««««'■ 
b.o,o g . C a,, yaclivesubstanceinthea , isaj , tnebulj2e - 
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inhaler. 

membrane ^ pharmaceutical formulation *>r a human or animal is preferably one which is administered via a mucous 
[0010] The biologically active substance is preferably one which loses its stability when dispersed in the air Exam- 

nS ? SUC l SU ^ an !! S Pep,ideS ' Pr0t6inS - ° r nudeic acids " Pre,erred ara cytokines and bone rela^d 

Srma^ Pr T S 3re f roteinases - antibiotic P r °««ns. and anti-tumor proteins. Nucleic acids are prefer- 
ably DNA RNA. or their antisenses. Among cytokines, interferons are preferred, and interferon y to be used for curatJve 
and prophylactic treatment of virus infections or pulmonary diseases is more preferred 

[001 1] A preparation of a biologically active substance and/or a preparation containing liposomes or microspheres 
■s or are preferably ^ ,n ttie form of an aqueous dispersion. However, a kit including a container containing S aq^iS 
medium ,s also preferable. Further, a preparation of a biologically active substance and/or a preparation (Jntain^gS 
somes or m.crospheres is or are also preferably in the form of a lyophilized preparation. containing l,po 

[001 2] Other objects of the present invention are as follows: 

!«°1 31 r, ™! "I! 5 !" 1 inven !!' on P^^ 5 a method for Preparing a pharmaceutical formulation for a human or animal 
to be admrnistered by a med.cament administration device that disperses a biologically active substance in theTiT 
med?um 0mPnSeS ^ " C ° n,aC,in9 Uie biologically active substance with liposomes or microspheres in an aqueous 

EJJLii ^ prese "V nventi °" a . IS ° provides a method for stabilizing a biologically active substance by contacting the 
b.o og 1C a l y acbve substance wrth liposomes or microspheres in the process for the production of a pharmacSfor 

~r 8 r aTe in K2 t0 * * 3 m " fc " n "" *™ **» « <~ 

[0015] The present invention further provides a pharmaceutical formulation for a human or animal to be adminis- 
tered by a medicament administration device that disperses a biologically active substance in the air. said formulation 
mSm contacting the biologically active substance with liposomes or microspheres in an aqueo™ 

In?!!!. ^ inVent !° n additiona,| y P rovides a methc <i f °r curative or prophylactic treatment of diseases of humans or 
animals. which composes adm.n.stering to the human or the animal a pharmaceutical formulation for a human or animal 
o be adm.nistered by a medicament administration device that disperses a biologically active substance in the air said 
formulation havmg been produced via a step of contacting the biologically active substance with liposomes or micro- 
spheres in an aqueous medium. ■ w 

2S1 JL , ? 6 P If Se ? inVenti ° n fl,rther prOVideS USe of "P 050 ™ 38 ° r microspheres for the production of a pharmaceu- 
tic 5 L a Uman ° r anima ' *° be administered ^ a medicament administration device that disperses a bio- 
22?? k^ 6 Sub ^, nce ,n the air - said formulation having been produced via a step of contacting the biologically 
active substance with liposomes or microspheres in an aqueous medium. 

EJ?h3 j, ^ PfeSe u nt invention ,u rthermore provides a metered dose inhaler or a dry powder inhaler, characterized 
hI!- 00 ?^ 8 pharmac _ eutical formulation for a human or animal to be administered by a medicament administra- 
ron^'^^L 3 D,olo9ica,| y active substance in the air, said formulation having been produced via a step of 

contacting the biologically active substance with liposomes or microspheres in an aqueous medium 

in ,1 • 1116 preferred embodiments for the pharmaceutical formulation for a human or animal are also applicable to 
all of the six inventions mentioned above. K ^ 

[0020] The kit of the present invention is in general provided in the form of a container such as a bottle, containing 
a preparation of a biologically active substance or a preparation containing liposomes or microspheres. The pharma- 
thl Sh^T a l'T , ' 3 T 3 ," ° r anima ' ° f the invention - whi <* was prepared by the method for production thereof or 
^.^n h for = tab ' l,z,na 3 b'otogically active substance of the invention, is used by employing a medicament adminis- 
tration device that disperses the biologically active substance in the air. The pharmaceutical formulation for a human 
3 ^T 5 '".. 0 " US6d ,0r CUrative w P'OP^C'C treatment of a human, which contains a biologically active sub- 
stance while the pharmaceutical formulation for an animal means a composition used for curative or prophylactic treat- 
ZVll" T ■ 7 ^ ntainS 8 bio, °9 ica,, y ac1ive ^bstance. The preparation of a biologically active substance or . 
Ir5« J * < containing liposomes or microspheres means a liquid or powder composition containing the biologically 
2^ „ 1 , It" 06 ° r l,poSomes or microspheres. When both or either of the preparation of a biologically active sub- 
stance and the preparation containing liposomes or microspheres is or are a dried preparation or preparations and the 
when u a a ^ a S US ^ >IU,i0n ° r SUSpenS i° n ' V™* 1 of the P resent i™»«on may be prepared by mixing the preparations 
contain Tr'^T I ^ a S US m6d,Um theret ° " necessarv - ln «"is instance, the kit of the present invention may 
oSenf ,nZ " 7? ** * f ^ aqUeOUS m6dium havin 9 its P H «fi«*ed. Th * «* of the 

S S Z k , f T Wh ' C . h ' S Pr0dUCed by Prepari ° 9 an a « ueous medium containing liposomes or micro- 
mrw ? biologically active substance, and subsequently lyophilizing the medium 

[0021] The medicament administration device that disperses a biologically active substance used in the present 
.nvent.on means a device for delivering and administrating the biologically active substance, for instance in the form of 
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Welti's! ZSEZ pr TI e to the substance so ,hat ft may reach a ™— 

nebulizer is a device which qS^^b^^^T^ cement caused by ultrasonic vibration. The jet 
cy.inder. These nebulizers often dSerseTtS l a ^SST, ""nT? ^ 3 COmpreSS ° r » 3 » 

ampoule, etc.. after the solution is inSoduoec I intc fa m^S^nt2,JT^ ^ !f accommodated 'n a bottle, 
ers are useful for infants, the aged and pSTerS wtoS m^S ^ chamber > when Such nebuliz- 

piration. As much as 50^ of the ^w^^ 3 reSP ' rator due t0 ,ack of Wtaneous res- 

may be divided into two tyrL one ^ Chafnber aft6r USe " Jet nebuli2e * 

pressure to a solution to be sprayed P 6 10 3 SO ' Ut,0n to be sprayed ' and oth <* applies vapor 

propellant as a nebuia. which is ^^^^^^^T 1 or su , s P ended in a '^'ed gas called a 
Delivery to the Respiratory Tract Ellis HorwS ^ i S bv D r«2T C ° nta, " er ; ,s , released from the «>ntainer(see Drug 
dose inhaler is portable and ready fo install StSh^t r ^ ndert0n and Jones - P87 - 1 18. 1 987). The metered 

Sncew^^^^ 

and admixed with pre-cooled chlorofluoroSroo * ar^ tne^vt <!• °^ uorocart >°n. and the mixture is cooled 

quantitative va.v e is attached thereto In mt0 ^ A rnolded 

titative valve is attached thereto. cNorJZo ocanoon mSufe fs T ' S P ^ " 8 00l,Wn *- Mer a ^ uan - 

tively. a biologically active substance wsSrSdS ™ «, ? 1 3 ^ St6m Under pressure - Alte ™- 

Aerosol Science Technology 2 374 1995 pSrm ^ '* CharQed U " der preSSure < see Clark 

Probenti. HFA (3M PharrrSeutfca^ anc fso on ^ ^ 1056 ' ^ A ^ P«*uct is 

5h a te1SS^2S^^ , ^^^ 0, ^ by makin9 3 ho,e in a °' a di ~ 

inhaler is classified into ^^T^^^^St \^^J he substance is dis P^ed when inhaled. This 
a pMDr. a P-lieS^ 

alter having been absorbed via a^ous ™ . S 1 * 0n 8,6 mucous mOT *™™ °' >° exert its activity 

or a metered dose inhaler is used How^r in n ZL V " eDullz< */ an ultrasonic nebulizer . a dry powder inhaler, 
active substance doe I^S^ZZ el^nS 6 ™ bodiments wherein the stab «^ of the biologically 

E .Wth^onL^^ aC " VS S "i SBn<;e '° be » a medicament administration 

chamber h SXLer aSso* l^T be ( * rl,d ou ' in « vessel <* lted a medicament 

(alter the J&a^Me£ZZJZ£%^ melereddose rnhaler. era dr. powder inhaler, o, outsider vcsel 

an inhalation ^Z^SJ^^^^^^f^ 1 ^- ^ SKp be ca " ied <" * mM " s 01 

,?,crn£r„~ 
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inflammatory agents, antiulcer agents, antiallergic agents, psychotropic agents, cardiacs, anti-arrhythmic agents, 
vasodilators, anti-hypertensive agents, anti-diabetic agents, cholesterol lowering agents, osteoporosis treating agents, 
hormones, vaccines, activated oxygen inhibitors, when described according to therapeutic effects. The biologically 
active substances include, for example, cytokines (e.g. interferon y and interleukin 2), bone-related peptides (e.g. calci- 
tonin, bone morphogenetic protein, growth hormone), and the like, when described according to the properties of the 
substances. 

[0029] Preferred substances on which the effect of the present invention is obtained are. among other biologically 
active substances mentioned above, those which lose their stability through decomposition or loss of activity, due to 
physico-chemical factors such as physical energy of ultrasonic waves, energy generated by a flow current on the inter- 
face between a drop of water and outside air, and the like, when a medicament administration device such as a jet neb- 
ulizer, an ultrasonic nebulizer, a dry powder inhaler, or a metered dose inhaler is used. However, biologically active 
substances, stabilities of which do not decrease significantly when dispersed in the air, can alsoobtain the advantage 
of the stabilizing method of the present invention. Accordingly, the biologically active substances to be used in the 
present invention are not limited to those listed below, which are exemplified as being preferred, as far as they exert their 
activities on mucous membrane or they are absorbed via a mucous membrane. That is, all bioactive substances, when 
administered in the form of a pharmaceutical formulation to be administered via a mucous membrane, can be improved 
in terms of their stabilities by the method of the present invention. 

[0030] As stated above, the biologically active substances are preferably those which lose their stabilities when dis- 
persed in the air, such as peptides, proteins, nucleic acids and the like. 

[0031] Specific examples of the peptides or proteins are angiotensin, insulin, insulin-like growth factors, interferon 
a, interferon p. interferon y, interleukin 1, interleukin 2, interleukin 2 receptor regulatory factor, interleukin 3. urokinase, 
erythropoietin, enkephalin, peptides having endothelin antagonistic activity, endorphin a, endorphin p, endorphin y, lys- 
ozyme chloride, luteinizing hormone, oxytocine, gastrin, kalikrein, calcitonin, tumor destroying factor, thymus humoral 
factor, kyotorphin, class-selective suppressor factor, gramicidin, glucagon, blood coagulation factors (Factor VIII. Factor 
IX), thymus factor in blood, thyroid-stimulating hormone, thyroid hormone releasing hormone, bone morphogenetic 
grotein. gonadotropin, gonadoliberin, colistin, corticoliberin, cholecystokinin, colony-stimulating factor, cytotoxic T lym- 
phocyte differentiation-inducing factor, cytotoxic T lymphocyte inducer, cell proliferation factor, thymosin, thymostimulin, 
thymopoietin. Substance P. tumor necrosis factor (TNF), epidermal growth factor. T cell growth factor, neurotrophic fac- 
tor, nerve growth factor, scotophobia growth hormone, secretin, zenobsin, caerulein, somatostatin, somatomedin, 
somatoliberin, dynorphin. tuftsin, thyroliberin, tissue plasminogen activator. T cell substitutes, thrombopoietin. neuro- 
tensin, paracrine, pancreozymin, bacitracin, vasopressin. B lymphocyte growth factor. B lymphocyte differentiation fac- 
tor, B lymphocyte maturation factor, human cilium gonadotropin, human placenta lactogen, parathyroid-stimulating 
hormone, adrenocorticotropic hormone, bradykinin, prolactin, bombesin, polymyxin B, macro phage-activating factor, 
macrophage-migration inhibitory factor, melanocyte-stimulating hormone, motilin, ubiquitin, repressive cell-inducing 
factor, inhibitory B factor, folicle-stimulating factor, lymphocyte -activating factor, renin, proteolytic enzymes (e.g. expec- 
torants, cathepsins), antibiotic proteins (e.g. acacin), antitumor proteins (e.g. L-asparaginase, neocarzinostatin), super- 
oxide dismutase. and the like. 

[0032] Nucleic acids include DNA, RNA, and their antisenses. 

[0033] Biologically active substances other than peptides, proteins, and nucleic acids are lipopolysaccharides, 
fluorouracil, doxorubicine, mitomycin C, platinum complex, cyclophosphamide, actinomycin, polyoxin. and the like. 
[0034] Biologically active substances include pharmacologically acceptable salts thereof. For instance, salts of a 
biologically active substance having a basic group such as an amino group, with an inorganic acid (e.g. hydrochloric 
acid, sulfuric acid, nitric acid, etc.) or an organic acid (e.g. carbonic acid, succinic acid, etc.) and salts of a biologically 
active substance having an acidic group such as a carboxyl group, with an inorganic base (e.g. alkali metals such as 
sodium or potassium), or an organic base (e.g. triethylamine. arginine, etc.) are included in the biologically active sub- 
stances. 

[0035] Liposome is a closed vesicle comprising double layer phospholipid membranes, which can retain various 
biologically active substances in an internal aqueous layer or phospholipid double layer. Accordingly, extensive studies 
on liposome as a drug carrier have long been conducted. The preferred particle size of the liposome is about 20 nm - 
3jim. Lipid microspheres, also called lipid emulsions, are small lipid particles obtained by, for example, suspending plant 
oil such as soybean oil in water in the presence of phospholipid such as lecithin. The average particle size of lipid micro- 
spheres is preferably about 100 nm - 300 nm. It should be noted that other aqueous media into which similar lipids such' 
as phospholipids, synthetic surfactants etc. are dispersed, that is, emulsions, mixed micelles, microcapsules, and 
microspheres are different from the liposome or lipid microspheres according to the invention (Fragrance Journal, Vol. 
15. No. 6, p68 - 76; 1987). 

[0036] Major components of phospholipids constituting liposomes or microspheres used in the present invention 
are not restrictive and may be neutral phospholipids or charged lipids as described in the afore-mentioned Japanese 
Patent Publication (Kokai) No. 998971 1996. However, a suitable combination of a medicament and liposome (kind and 
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- - biologically aCve stance used, 
'"stance, synthetic or natural phosphatidyl d^e^^S^ ^ ^ ? CharQe ,n their neutral re 9-on. For 
Phatidy. cholines may include various lectins wNch mav bS,^ there °' be USed - Natural **Z 

5 and include distearoy. phosphatidyl choline. dTpaTmioyS "Tf? ^ type), 

noyl phosphatidyl choline, dilignoceroyl phosphatidyl a£S^SS^ ^' timv "^ t P*°SP™W choline, dibehe- 

» o^Jn^;;^ 

too. as long as they are not toxic. These SZ% instance Ssic S2^n Pte| ? ),,rt ^ USSd Without limit «- 

and basic amino acid surfactants such as N^Icll L arq ^ 85 Stear * amine - °W amine, etc.. 

out limitation, as long as they are not toxic Tnese are E£j£E * w ^ P h ° Spho,i P ids mav a"* be used with- 

phosphatidyl glycerol, dimyristoyl phosphatidyl glyceS ^SZ'^^f^- ^ ** phospha «W serine. 
« erol. cardiolipin. phosphatide inositol. phosphaHdfc aS iT^E??^ diStear0y ' P h ^Phatidy. glyc- 

etc.. acidic amino acid surfactants such as N^lS££; adf JSt « ^ 9ang , ,,osides - dicety.phos P holic add. 

[0038] Major lipids, which are used together JlrfZ nS^i 5 Y ^ 85 ° ,eiC acid ' etc. 

s P h ^sedforthe P roductionofthe P h^ abOVe - for cons ^ing micro- 

ame oil. safflower oil. etc.). synthetic or ^mi^^ 
*> (registered trade name), etc ) synthetic middle chain fatty acd triglycerides (e.g. migliol. ODO 

ex as r e e m£r sk ethano,amine - sterois ~* - - 

tioned various phospholipids and electric^ EXjS Kids tZ ™ ^ * additi ° n to the ^^n- 

instance, liposome may be prSucei b> toe u ^S^^^f^ ^ff" (KOkai) N °' "^97/1996. For 
injection method, the ether injection method SEe^^S^" T ^' *• deter96nt method - the ethan °' 
the high pressure emulsifying method Th7structures of toltZ^ ' ' T^* PhaS6 "V****™ method, and 
vesicle (MLV). small unilamellar vesicle ^U vl 

production of lipid microspheres is cx>nduct^ un"te ^ V f ^ (REV) " °" the ° ther nand ' »• 

bean oil. sesame oil. and the like, or synthetic or semi £jn£SSn "FT 6, * ,he US6 ° f 3 P ' ant ° H such as sov - 
Pholipids. The method of the production ^^fthe mlcros^^l- t n^f ^J** "O 1 *** 86 in addi «°n to phos- 
example. by adding 2 - 20% pLt oil or m Mdta *cha7 t ? ^ ' ^ production ma V b « carried out for 
•ycerkle) of phospholipid ^^e^S^^^^^^S^rt 12% (with respect to the P |a * <* "trig- 
spheres. The liposome and lipid microspheres mav be cS-? 1 9 n PreSSUre emulsifier to °°tain lipid micro- 
ti/ethylene g.yco.. pullula", «nn££^^ With h * rophilic **"<™ «uoh 

Ibiolii^fsS— 

«ain. distribute, or adsorb other bWoglca^cS^ *£ " P ° SOmes ° r mi ^ospheres may con- 

and the like may be mentioned Polymers such as 9 ela«n. bydroxyelhyl starch, sunactants. 

t.on device. In addition, additives for different - administered using a medicament administra- 
antiseptics may be added to the ZZaZn surfactants, stabilizing agents, buffers, isotonic agents. 

Katly dilSngon ^ut 7*1 l^Tnll T by 3 m « tem «« ^^on device var- 

amount of the > biologically ^e^^c^^^ 0 !^ thS treatment " and other ,actors ™* ratio of the 
amount of liposome ormicro^ a ^ament administration device and the 

logically active substance and other factors ^S^'J^^ST^ ? Gpfl ? d,nfl °" <he " ature of particu,ar bi °' 
thereof is used with 1 - 1000 ^mole of phosoholiDid b,olog,cally active substance is interferon. 40 nmol 
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[0045] The terms "residual rate" and "spraying rate" used in the working examples described hereinafter will be 
explained below. 

[0046] The residual rate is calculated according the following equation. 

Residual rate = Amount of biologically act ive substance remaining in medicament chamber of device 

Total amount of biologically active substance initially charged : X 100 

(Equation 1) * 

[ k 04 ^ • Th L°L e !! er the reSkJual rat6, the hiQher the stabilrty of the biologically active substance in the medicament 
chamber, in which the substance remains undecomposed or without losing its biologically activity 
[0048] The spraying rate is expressed by the following equation. 

Spraying rate = Am>un ^ of biologically ac tive substance remaining in capturing solution 

Total amount of biologically active substance initially charged X 1 00 (Equation 2) 

[0049] The greater the spraying rate, the higher the stability of the biologically active substance sprayed without 
is decomposition and losing its physiological activity. wnnoui 

Best mode of the present invention 

EXAMPLES 

20 

[0050] The invention will be explained in more detail with Reference Examples, Working Examples, and Experi- 
ments. Reference Examples are directed to the production of liposome and lipid microspheres used in the present 
invention, and Working Examples are directed to the production of the pharmaceutical formulation of the invention to be 
administered via the mucous membrane. The Experiments show that the pharmaceutical formulation of the invention to 
25 be administered via the mucous membrane is kept stable in a medicament administration device such as a jet nebulizer 
an ultrasonic nebulizer, and the like. J lcuu,,ier ' 

Reference Example 1 

30 Production of liposome (HSPC/DSPG = 10/1) 

I005 1L F ' Ve m ' ° f 3 tert - butano ' solution (containing 1 ml of distilled water) containing a mixture of 100 mg of hydro- 
genated soybean lecithin (HSPC) and 10 mg of distearoylphosphatidyl glycerol (DSPG) was lyophilized. To the result- 
35 !TJff .T.n^ and dispersed « ml of a phosphate buffer (10% maltose). The dispersion was subjected 

£>.p * T m, 7 , nam6) ten timeS Under a treatm ent pressure of 2.4kg/cm 2 , while warming at 

i 60°C, to give liposome (HSPC/DSPG=10/1). y 

Reference Example 2 
40 Production of liposome (DSPC/DPPG =10/1) 

l^k^f^^^T^ J | was : e P eated exce Pt *at a mixture of 100 mg of distearoylphosphatidyl choline 
,f ? 9 d 'P alm ' t °y , P hos P^'dyl glycerol (DPPG) was used in place of a mixture of 100 mg of hydrogen- 
ated soybean lecithin (HSPC) and 10 mg of distearoylphosphatidyl glycerol (DSPG). 

45 

Reference Example 3 

Production of liposome (EggPC/DSPG =10/1) 

50 !2 h 53 , 1 ? e t teren u ce Exam P'e 1 was repeated except that a mixture of 100 mg of egg yolk lecithin (EggPC) and 10 mg 

tS^X^^jf 9,yCer °' (DSPG) W3S US6d in P ' aCe ° f a mixture of 100 m 9 of hydrogenated soybean lecfthfn 
(HSPC) and 10 mg of distearoylphosphatidyl glycerol (DSPG). and the mixture was kept at 4°C rather than 60°C. 

Reference Example 4 

55 

Production of liposome (DPPC/CH/DPPG = 54/40/6) 

[0054] Reference Example 1 was repeated except that a mixture of 54 mg of dipalmytoylphosphatidyl choline 
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(DPPC) 20 mg of cholesterol (CH), and 6mg of dipalmytoylphosphatidyl glycerol (DPPG) was used in place of a mi* 
ture of 100 mg of hydrogenated soybean lecithin (HSPC) and 10 mg of distearoylphosphatidyl glycerol(DSPG). 

Reference Example 5 

Production of liposome (EggPC) 

Sri nf innmr C fh E H XamPle IT* TOept *** 100 mg ° f egg yolk ,ecithin < E 99 PC > was u ^ in place of a 

mixture of 1 00 mg of hydrogenated soybean lecithin (HSPC) and 1 0 mg of distearoylphosphatidyl glycerol (DSPG) and 
the treatment was conducted at 4°C rather than 60°C. 

Reference Example 6 

Production of liposome (DPPC/CH/SA = 52/40/8) 

FdppL 20",!?^^^ eXCePt * ° f 52 m9 of dipalmytoylphosphatidyl choline 

I S of , cholestero1 ( CH ). and 8mg of stearyl amine (SA) was used in place of a mixture of 100 mg of hydro- 

genated soybean lecithin (HSPC) and 10 mg of distearoylphosphatidyl glycerol (DSPG). 

Reference Example 7 

Production of lipid microspheres 

2Si«h A V*£ emU 2- 0n T ° btain6d by miXin9 216 019 ° f DSPC ' 24 m9 of DSPG - 500 m 9 of 9'ycerol. and 20 ml 
!^ 2If ♦ I 1 "' 601 ' 0 "' dlsp u er ! ,n 9 the mixture usin 9 a homogenizer (Polytron. registered trade name), and sub- 
sequently treating i the mixture with the homogenizer after addition of 2 gram of soybean oil. The resulting mixture was 

IT^ ftT 3 Nanomizer " LA - 10H (Scarpa trade name) to give lipid microspheres having an average paS Sze 
ot aoout 200 nm. 

Example 1 

10058] Twenty ml of a solution containing recombinant interferon Y (IFN-y; 3 million units), said solution containing 
human serum albumin and L-cysteine hydrochloride as stabilizers, was introduced into the medicament chamber of an 
" r °™ C nt *. u,, f ' (Omuron: NE-U12). Addition of a liposome suspension (125 ,xmole as phospholipid) thereto gave 
a pharmaceutical formulation for a human or animal. 

Example 2 

[0059] Five ml of a solution containing recombinant interferon y (IFN-y; 3 million units), said solution containinq 
SUIT S ^K. m alb T; n : and L-cysteine hydrochloride as stabilizers, was introduced into a medicament chamber of a jet 
nebulizer (Nippon Shoji; Nissho style). Addition of a liposome suspension (125 nmole as phospholipid) thereto gave a 
pharmaceutical formulation for a human or an animal. 

Example 3 

[0060] Five ml of a solution containing recombinant interferon y (IFN-y; 3 million units), said solution containing 
2!lT a !LTw rU[n ^T'" and L " cys,eine hydrochloride as stabilizers, was introduced into the medicament chamber of a 
metered dose .nhaler. Addition of a liposome suspension (125 nmole as phospholipid) thereto gave a pharmaceutical 
formulation for a human or animal. 

Example 4 

[0061 ] Five ml of a solution containing 2.5 jimole of urokinase was introduced into the medicament chamber of a 
jet nebulizer. Add.tion of a liposome suspension (125 funole as phospholipid) thereto gave a pharmaceutical formula- 
tion for a human or an animal. 
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Example 5 

[0062] Twenty ml of a solution containing 2.5 nmole of urokinase was introduced into the medicament chamber of 
an ultrasonic nebulizer. Addition of a liposome suspension (125 nmole as phospholipid) thereto gave a pharmaceutical 
5 formulation for a human or animal. 

Example 6 

[0063] Five ml of a solution containing 70 nmole (one million unit) of recombinant interleukin 2 (IL-2) was introduced 
io into the medicament chamber of a jet nebulizer. Addition of a liposome suspension (1 25 nmole as phospholipid) thereto 
gave a pharmaceutical formulation for a human or animal. 

Example 7 

is [0064] Twenty ml of a solution containing 2.5 nmole of L-asparaginase was introduced into the medicament cham- 
ber of an ultrasonic nebulizer. Addition of a liposome suspension (125 nmole as phospholipid) thereto gave a pharma- 
ceutical formulation for a human or an animal. 

Example 8 

20 

[0065] Five ml of a solution containing 2.5 nmole of superoxide dismutase was introduced into the medicament 
chamber of a jet nebulizer. Addition of a liposome suspension (125 nmole as phospholipid) thereto gave a pharmaceu- 
tical formulation for a human or animal. 

25 Example 9 

[0066] Twenty ml of a solution containing 2.5 nmole of cathepsin was introduced into the medicament chamber of 
an ultrasonic nebulizer. Addition of a liposome suspension (125 nmole as phospholipid) thereto gave a pharmaceutical 
formulation for a human or animal. 

30 

Example 10 

[0067] Five ml of a solution containing 2.5 nmole of neocarzinostatin was introduced into the medicament chamber 
of a jet nebulizer. Addition of a liposome suspension (125 nmole as phospholipid) thereto gave a pharmaceutical for- 
35 mulation for a human or animal. 

Example 11 

[0068] Twenty ml of a physiological phosphate saline (pH 7.4) containing 0.4 nmole of calcitonin was introduced 
40 into the medicament chamber of an ultrasonic nebulizer. Addition of a liposome suspension (125 nmole as phospholi- 
pid) thereto gave a pharmaceutical formulation for a human or animal. 

Example 12 

45 [0069] Twenty ml of a solution containing 3.5 nmole of doxorubicin hydrochloride was introduced into the medica- 
ment chamber of an ultrasonic nebulizer. Addition of a liposome suspension (1 25 nmole as phospholipid) thereto gave 
a pharmaceutical formulation for a man or animal. 

Example 13 

50 

[0070] Twenty ml of a solution containing 25 nmole of calcium(+)-(Z)-7-[(1 R, 2S, 3S, 4S)-benzensulfonamidobicy- 
clo[2.2.1]hept-2-y!]-5-heptanoate dihydrate was introduced into the medicament chamber of an ultrasonic nebulizer. 
Addition of a liposome suspension (125 nmole as phospholipid) thereto gave a pharmaceutical formulation for a human 
or animal. 

55 

Example 14 

[0071] Five ml of a solution containing 25 nmole of doxorubicin was introduced into the medicament chamber of a 
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taSfESSS^*" 1 "" 5USPenS, ' 0n " 2S " m ° le - «- • P^e-ca, to,™,. 

Example 15 

Pharmaceutical fermulallon to, a hurmnt animal. ^ SPenS " > " " 25 * m0 ' e aS P^P^M «***> sava a 
*o Example 16 



15 



20 



25 



Example 17 

E In^Sa^^^^ cc^lnin, 0.02 Mm* (laxx, u „„, 0. superoxHe d, 5 . 

Example 18 

Example 19 

Example 20 

35 , 

40 Example 21 

[0078] Five ml of a solution containing 25 umole of calcium (+WZW-I71R pq qq ^\ 
Example 22 



45 



50 



Example 23 
55 [0080] 
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Example 24 

[0081 ] Twenty m! of a solution containing 1% (WAV) of salmon DNA was introduced into the medicament chamber 
of an ultrasonic nebulizer. Addition of a liposome suspension (125 jimole as phospholipid) thereto gave a pharmaceu- 
tical formulation for a human or animal. 

Example 25 

[0082] Twenty ml of a solution containing 86 jimole of trypsin was introduced into the medicament chamber of an 
ultrasonic nebulizer. Addition of a liposome suspension (125 jimole as phospholipid) thereto gave a pharmaceutical for- 
mulation for a human or animal. 

Experiment 1 

[0083] After introduction of the pharmaceutical formulation obtained in Example 1. an ultrasonic nebulizer was 
operated for 30 minutes. The amount of IFN-y remaining in the medicament chamber after 30 minutes was determined 
by ELISA (Biosource). 

Experiment 2 

[0084] After introduction of the pharmaceutical formulation obtained in Example 2, a jet nebulizer was operated for 
30 minutes. The amount of IFN-y remaining in the medicament chamber after 30 minutes was determined by ELISA 
(Biosource). 

Experiment 3 

[0085] After introduction of the pharmaceutical formulation obtained in Example 2, a jet nebulizer was operated for 
30 minutes. Sprayed drops were captured in 8 ml of a physiological phosphate saline, and the amount of IFN-y in the 
capturing solution was measured by ELISA (Biosource). 

Experiment 4 

[0086] After introduction of the pharmaceutical formulation obtained in Example 6, a jet nebulizer was operated for 
30 minutes. Sprayed drops were captured in 8 ml of a phosphate buffer, and the amount of IL-2 in the capturing buffer 
was measured by ELISA (Biosource). 

Experiments 

[0087] After introduction of the pharmaceutical formulation obtained in Example 24 t an ultrasonic nebulizer was 
operated for 30 minutes. Viscosity of the medicament chamber was measured by E-type viscosimeter. The residual 
amount of sDNA was calculated from the relation formula between the viscosity and sDNA concentration. 

Experiment 6 

[0088] After introduction of the pharmaceutical formulation obtained in Example 25, an ultrasonic nebulizer was 
operated for 30 minutes. Activity of trypsin in the medicament chamber was determined from the rate of change in 
absorbance (253nm) at pH 8.0 and at 0.25°C using ethyl N-alpha-benzoyl-L-argininate as a substrate. * 
[0089] The results of Experiments 1-6 are shown in the following Table 1 . 



Table 1 





Residual Rate {%) 


Spraying Rate (%) 


Nebulizer 


Ultrasonic Nebulizer 


Jet Nebulizer 


Physiologically active sub- 
stance 


Trypsin 


sDNA 


IFN-y 


IL-2 


Liposome free 


17 


79.0 


1.5 4.3 


2.3 3.3 


0.3 0.3 


2.0 
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Table 1 (continued) 



Res idual Rate (%) 
Ultrasonic Nebulizer 



33 



102.3 



35.7 



Spraying Rate (%) 
Jet Nebulizer 



24.1 



31.6 



27.1 
4.4 



32.6 



19.6 
3.0 



15.3 



31.3 



16.3 
1.5 



Discussion based on the experimental results (As for interferon) 



39.7 



13.0 
0.9 



10.7 



20 



25 



30 



rtess ~z^z^r^ c for rr r prepared by if ~ - 

interferon y remaining in the chamber after i^SS!!^^J^^ °' 8 nebuli2er " the *™»* <* 

limes larger than the amount remaining after operation S!t 12 , er W3S abOUt 12 times and about 8-11 

ultrasonic nebulizer and a jet nebuiizeT^^So^^ 6 sus P ension respectively in the case of an 

ratio of a medicament ^espJtlVeZf^i InSlZ ^fS - " ^ ' atter) - Tab,e 1 indicates * e ^idual 
up to one third (residua. r-toT^^fJ^^^S?- 2" ce tha amoun t °'«ne medicament decreases 
~ 70% of -rferon yremain^^ 

of liposome kept interferon Y Stable without decomposition P ™ S m6a " S * e additl0n 

Ss^;^ i Y o,TL be P S a r d r^ 9 on - - 

respect, it is believed that there exists an cotimum cnmhLT i " PC) " AMhou9h on| y i^neron y was tested in this 
the purpose of establishing WbVSSJ! 00mhn *« « * part.cu.ar medicament and the kind of liposome for 

(As for trypsin, sDNA, and IL-2) 

" ;ZV^a^Tp^S.' fte - *»* sDNA, „, „ abM « eme5 . , , 3 , imes . and , „ mes 

Industrial Applicability 

Eonto^S 

inhale, high stability of a biologically aiSe toS?^; 8 dose inhaler . " a dry powder 

be established by adopting a praess of ^ 

medium, P 9 P 6SS ° f contact,no the substance with liposomes or microspheres in an aqueous 

Eg a jet nS£^ * Emulation to be inha.ed by 

dispensing in a hospital the increas^ ^sLrltv 0 7j£5^ e „ ,nhal *' °* 3 " y POWder inhaler in P ractice - for *«ahce. 
ess of contacting the substance w ^ aSSS^-S^S^^ SUbStanC6 ° an be attained *» ad °P tina a <*oc- 
invention, the above-mentbne^ \^!^S^b£^VS an0thef 3SpeCt " the 
and contacted can be used as a SSS^STi * liposome and the like which are separately obtained 

tains said substance P^maceufcal formulation to be administered via a mucous membrane, which con- 

Claims 

to, producton of th. ^ZZ^^Z ^."'"T 9 "f 050 ™ °' ""«*Phe««. which pcparalions are used 
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activesubstance with theJfe^rneaPI^iaQ5Ph^es.[n [ ajTagu.eDus.mecliiim. 

2. The kit of Claim 1 wherein the . medicament administration device that disperses the biologically active substance 
in the air is a jet nebulizer, an ultrasonic nebulizer, a metered dose inhaler, or a dry powder inhaler. 

5 

3. The kit of Claim 1 wherein the pharmaceutical formulation for a human or an animal is to be administered via a 
mucous membrane. 

4. The kit of Claim 1 wherein the biologically active substance is one which is liable to lose stability when dispersed 
10 in the air. 

5. The kit of Claim 1 wherein the biologically active substance is a peptide, a protein, or a nucleic acid. 

6. The kit of Claim 5 wherein the peptide is a cytokine or a bone-related peptide. 

75 

7. The kit of Claim 6 wherein the cytokine is interferon. 

8. The kit of Claim 5 wherein the protein is a protease, antibiotic protein, or anti-tumor protein. 
20 9. The kit of Claim 5 wherein the nucleic acid is DNA or RNA. 

10. The kit of Claim 9 wherein the DNA or RNA is an antisense. 

11. The kit of any one of Claims 1-10 wherein the biologically active substance is interferon y. and the kit is used for 
25 curative or prophylactic treatment for virus infections or pulmonary diseases. 

12. The kit of any one of Claims 1 - 10 wherein the preparation of the biologically active substance and/or the prepara- 
tion containing liposomes or microspheres is or are a formulation or formulations dispersed in an aqueous medium. 

30 13. The kit of any one of Claims 1-10, which further comprises a container containing an aqueous medium. 

14. The kit of any one of Claims 1-10 wherein the preparation of the biologically active substance and/or the prepara- 
tion containing liposomes or microspheres is or are a lyophilized preparation. 

35 15. A method for production of a pharmaceutical formulation for a human or animal to be administered by a medica- 
ment administration device that disperses a biologically active substance in the air, which comprises a step of con- 
tacting the biologically active substance with liposomes or microspheres in an aqueous medium. 

16. A method for stabilizing a biologically active substance by contacting the biologically active substance with lipo- 
somes or microspheres, in the process for the production of a pharmaceutical formulation for a human or animal to 
be administered by a medicament administration device that disperses the biologically active substance in the air. 

17. The method of Claim 15 or 16 wherein the medicament administration device is a jet nebulizer, an ultrasonic neb- 
ulizer, a metered dose inhaler, or a dry powder inhaler. 

18. A pharmaceutical formulation for a human or animal to be administered by a medicament administration device that 
disperses a biologically active substance in the air, which was produced by contacting the biologically active sub- 
stance with liposomes or microspheres in an aqueous medium. - * 

so 19. The formulation of Claim 18 wherein the medicament administration device is a jet nebulizer, an ultrasonic neb- 
ulizer, a metered dose inhaler, or a dry powder inhaler. 

20. A method for curative or prophylactic treatment of diseases of a human or animal, which comprises administering 
to the human or animal a pharmaceutical formulation for a human or animal to be administered by a medicament 

55 administration device that disperses a biologically active substance in the air, which was produced via a step of 

contacting the biologically active substance with liposomes or microspheres in an aqueous medium. 

21. Use of liposomes or microspheres for the production of a pharmaceutical formulation for a human or animal to be 
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